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Vibrational Dynamics of 9-Fluorenone Derivative in Aqueous Solution

Studied by Two-Dimensional Infrared Spectroscopy
oMasaki Okuda?, Kaoru Ohtal2, Keisuke Tominaga*?
! Molecular Photoscience Research Center, Kobe University, Japan
2 Graduated School of Science, Kobe University, Japan

[Abstract] In this study, we investigated the vibrational frequency fluctuations of the CO
stretching mode of 9-fluorenone derivative (9-FL-4-COQ") in D20 with 2D-IR spectroscopy.
We found that the frequency-frequency time correlation function (FFTCF) of 9-FL-4-COO~
in D,O decays with a time constant of 2.8 ps. Moreover, by performing the 2D-IR
measurement for acetone in DO, which possesses smaller hydrophobic group near the
vibrational probe, we obtained the decay time constant of 1.6 ps. On the other hand, earlier
studies on the vibrational frequency fluctuations of ions in water have revealed that their
FFTCFs contain 1-ps decay component. Therefore, our 2D-IR results suggest that the
hydrophobic group (i.e. fluorene ring) in the vicinity of the vibrational probe of 9-FL-4-COO~
plays an important role in the vibrational frequency fluctuations in D20.
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Fig. 1. IR absorption spectrum of the CO
stretching mode of 9-FL-4-COO~ in
D,0. The red and blue lines represent the
experimental data and fitting result with
a Gaussian function,

Molecular structure of 9-FL-4-COO™ is

respectively.

shown in the right-top.
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Fig. 2. (a) 2D-IR spectra of the CO
stretching mode of 9-FL-4-COO~
in DO measured at T = 0.2 ps and
4 ps. The green lines represent the
center lines of the 2D-IR signals
originated from the v = 0 — 1
vibrational transition. (b) CLS
decay curves of 9-FL-4-COO~
(green) and acetone (orange) in
D,0. The closed circles correspond
to the experimentally obtained
CLS. The blue lines represent the

fitting results.
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[Abstract] Water molecules form characteristic three dimensional network structures via
hydrogen bonds, and dynamics of these structures play an important role in biological systems.
In this study, we measured the complex dielectric constant (200 MHz ~ 2 THz) and absorption
spectra (100 cm™ ~ 4000 cm™) of aqueous solutions with guanidinium chloride (GdmCl) and
tetramethylammonium chloride (TMACI) in a concentration range of 50 mM to 400 mM. We
also conducted the molecular dynamics (MD) simulations of these ions in order to reveal
microscopic details of hydration water around these ions. We found that in order to analyze
the complex dielectric spectra of water satisfactorily we need six components. It is found that
the reorientational relaxation time of hydration water around Gdm® is independent of the
concentration in the concentration range investigated in this study. In the case of TMA®, the
relaxation becomes slower as the concentration increases. From these results and the analysis
of MD simulation, we constructed a hydration model of these ions.
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Figure 2. (a) Imaginary part of the dielectric spectrum of GdmCI aqueous solution. (b) Distance dependence of

the average relaxation time of the correlation function of the total dipole moment around the ions.
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Study on Rates of Internal Conversion and Vibrational Energy Relaxation

for Four Carotenoids with Substituents on B-Ionone Rings
Masato Anan, oTomohisa Takaya, Koichi Iwata
Department of Chemistry, Gakushuin University, Japan

[ Abstract] Internal conversion and vibrational energy relaxation dynamics are observed for
four carotenoids, P-carotene, zeaxanthin, canthaxanthin, and astaxanthin, by femtosecond
time-resolved near-IR absorption and stimulated Raman spectroscopy. The carotenoid
molecules with a carbonyl group at each terminal B-ionone ring exhibit larger rate constants
of internal conversion and vibrational energy relaxation than those without a carbonyl group,
while hydroxyl groups negligibly affect these processes. The results suggest that energy
redistribution from vibrational modes of the conjugated main chain is accelerated because of a
partial conjugation between the main chain and the enone group of ionone.
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Fig. 1. Structure of carotenoids used in this study.
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Table 1. Time constants obtained by time-resolved near-IR absorption and stimulated Raman measurements
Sample S, lifetime / ps S, lifetime / ps ~ VER® time constant / ps
B-carotene 0.18 9.0 0.8
zeaxanthin 0.17 9.0 0.8
canthaxanthin 0.12 5.0 0.3
astaxanthin 0.15 4.9 0.3
? Vibrational energy relaxation.
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Photoexcitation dynamics of regioregular poly(3-hexylthiophene) in
solutions and a film studied by femtosecond time-resolved infrared
absorption spectroscopy

oGenki Aoyama, Hajime Okajima, Akira Sakamoto
Graduate School of Science and Engineering, Aoyama Gakuin University, Japan

[ Abstract] Self-localized excitations are generated by photoexcitation in conducting
polymers. Polarons, which correspond to charge-separated radical ions, are possible self-
localized excitations. The analysis of their structures and dynamics are keys of understanding
the mechanism of photoconductivity. Regioregular poly(3-hexylthiophene) (RR-P3HT) is a
typical conducting polymer. So far, we studied photoexcited RR-P3HT in a film by picosecond
time-resolved infrared (TR-IR) spectroscopy [1]. Here, we focus on its dynamics in solution.
The femtosecond TR-IR spectra of RR-P3HT both in benzene solution and in a spin-coated film
were successfully measured in the spectral range of 1230-1065 cm™. The spectra can be divided
into two temporal components; an exponential decay and an error function decay, which was
derived from the recombination model of polarons [3]. The spectra of the latter component
resemble the doping-induced IR spectrum of RR-P3HT [5]. It suggests that polarons are formed
both in solution and in a film. The polarons in solution decay faster than those in a film.
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Fig. 1: TR-IR absorption
spectra of photoexcited RR-
P3HT in (a) benzene solution
at room temperature and (b) a
spin-coated film at 77 K. The
spectra at -400 ps were
subtracted from all TR-IR
spectra.
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Fig. 2: Plots of the TR-IR absorption
intensities probed at ~1135 cm™, (a) benzene
solution at room temperature and (b) a spin-
coated film at 77 K. The broken lines are
results of global curve fitting by the sum of
exponential and error functions.
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Fig. 3: Reconstructed
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(blue broken lines) and
error function (red solid
lines) components in
(a) benzene solution
and (b) a spin-coated
film.
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Direct Observation of the Tight Au-Au Bond Formation in [Au(CN),]
Oligomers by Time-Resolved Impulsive Stimulated Raman Spectroscopy

oHikaru Kuramochil’z, Satoshi Takeuchil’z, Munetaka Iwamura3, Koichi Nozaki’ , Tahei
Tahara'~
! Molecular Spectroscopy Laboratory, RIKEN, Japan
? Ultrafast Spectroscopy Research Team, RIKEN Center for Advanced Photonics (RAP),
Japan
3 Graduate School of Science and Engineering, University of Toyama, Japan

[Abstract] Dicyanoaurate ([Au(CN),7]) oligomers undergo tight Au-Au bond formation in
the excited state upon photoexcitation, and thus they have attracted tremendous interests as
model systems where the bond formation process can be observed in real time. Previously,
we studied excited-state dynamics of [Au(CN),] trimer in aqueous solution by using
broadband transient absorption spectroscopy, and proposed that the trimer triplet state
undergoes the bent-to-linear structural change with the 2-ps time constant, upon the tight
Au-Au bond formation. However, because the electronic spectroscopy is, in principle, not
sensitive to the molecular structure, the structural details of the [Au(CN),’] trimer during the
ultrafast bond-formation process have yet to be examined. Here, we studied ultrafast
structural dynamics of the [Au(CN),] trimer by using time-resolved impulsive stimulated
Raman spectroscopy (TR-ISRS). The data clearly show a temporal upshift of the Au-Au
breathing vibration at ~90 cm™ on the 2-ps time scale, which is attributable to the gradual
tightening of the Au-Au bond accompanying the bent-to-linear structural change in the
excited triplet state.

[FF] o7 7 &0 EITKERTICB O TEEFRMAEERIC L S8R 2B
5o FOFEAT XL F —ITEEERRETIZ~0.1 eV FE L5V, SEiEic k> TAET
% HEIREE CIXFEVY (~1eV) Au-Au IFEE DR EIND [1], 2D E NI T—
LT A ANGETE 2 ERFFBIM R D e 2 BT 5% & LTU VT /2 &0D#HE
EORITEEER Z2HED TV D, ZIVE TICHR 2 I3RS RIS e &2 AT T
7 BSIR 3 BARDFIEIRIESY A F I 7 AEFR L TET 2], 15 67 ReR 4 %
T — Z IZIEMAZZEITAE D 0.5 ps TO To—T, FHEIREEWIE B O K &% L7728, Bl
BRI T & 1T 2 ps DIRFEEL TR 72 5 WINE B OB R ONBU S viz, Fex ld& T bat
HE DRI K-> TZ OifE % Au-Au & A2 £E - 72 bent-to-linear ## i& 2L 12 )it
JB& L7= (Fig. 1A), — 7 CTHRUTEE S BMO M X SRk EELIC X 2 F5ECid, &
BAROERCITEIER 500 fs LINIZ5E T LTE Y | 2 ps OiBFRIX Au-Au ] OFE S Bk
DEALE - - HMRZEICHET 5 L 5 | Fhox Ofbm & 13872 5 AR S vk
Lo Tz, 2T, AR CTHR AT DA RV T T~ 3tk
(Time-resolved impulsive stimulated Raman spectroscopy: TR-ISRS [4-7]) & HV>, ¥
T A (D)EER 3 BIRDRE SRR BT DMEES A T 7 2 & L EE LT,



[325%] TR-ISRS Z51E 0.1 mol/dm® K[Au(CN),]7K¥#E (2%t L T 310 nm D JFhEE Y (450
fs) W TIT o7z, B AR OBIERFEAT D%IZY v T 7 &0D)SEHE 3 &IED
IR BE Y (Ty—T)) (ZHET 2 AR LA (550-650 nm, 12 fs) ZHRET L., A
VoV TR T < CEGELIBRE 2R LB TR R s C I O EE AR LT, 2O
BEW AN & ] 0 iR UG 5 D B — R DI T e — 75 (550-650 nm, 12 fs)
ZRWTRR U, BhERRE D5y 7 iR 8h 4 RFRF AR CRLII L 7=,

[#E 5 - &£.] Fig. 1B I 0.1 mol/dm’® K[Au(CN)J/KIRIE 2> 515 b 7= K BAERZIAT (2
B 5 TR-ISRS 5 52 /RT, VU7 / &ODFEKR 3 EKO R 3 EIEIRREICH KT 5 H
—DIRRBIRE R DNBH SN TWDER, ZOF—XITBWTER & AL, RE)
JEAMADBIEREAT O KL & HICHRAICEIL L TR S Tnb 2 LT
BV | IREEE O ERERFRER TR TS, 2 ORFFERE S Z 7 —
TEWT D L TELNERNR T ~ > A7 R L% Fig. 1C IZ5RT, 90 em™ 113
I3 KB, 20T Au-Au HFEIRENCIRB S D28, 2O ROPEEIZ~2 ps
DEFERTH 6 cm™ OEHEKS 7 M 27T, ZomEmEHEy 7 MIEHEFEHEICLY
TRIB X315 bent 3 )> & linear staggered A 15 ~DREEZ LI - IRENMEE L & L < —
HTH5Z 006, Fxr 0BT Au-Au F5EERIZTES T 2 ps THITT 2 B ~D
WA LBRICRIET 2 LB 26D, BEHTIIREERT A T 7 ADOREKSF
Mo A F UBREERLFME 2R EICOWT b EEIC R T D,

- B AT (ps) [ 92

10
Loose bent
(Ground state)

lhv

Transient absorbance change (30 uOD / div.)

Linear staggered 00 05 10 15 20 0 50 100 150 200 250
(Excited state) Delay time t (ps) Wavenumber (cm)
Fig. 1 (A) Schematic illustration of the photo-induced tight bond formation of the [Au(CN),] trimer. (B)
TR-ISRS signals of 0.1 mol/dm® K[Au(CN),] aqueous solution obtained at various AT delay times. A =310 nm.
Gray, vertical lines indicate the gradual phase shift of the low-frequency vibration. (C) Fourier transform
power spectra of the TR-ISRS signals shown in (B).
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Dynamics of electron generated by two-photon ionization of water as
observed by femtosecond time-resolved multichannel visible-nearIR
absorption spectroscopy

oShunnosuke Okino, Tomohisa Takaya, Koichi iwata
Department of Chemistry, Gakushuin University, Japan

[ Abstract] The electron generated in the solution is stabilized by surround solvent
molecules. An absorption band of electron in solvents shifts to near infrared — visible region
as solvation proceeds. Here, we measure time-resolved absorption spectra of electrons at the
early stage of solvation by a femtosecond time resolved visible-near IR spectrometer with a
multichannel detection from 600 to 1000 nm for precisely determining the solvation time
following the two-photon ionization of H,O. We observe an upshift of the electron absorption
band with a single time constant of 520 + 65 fs.

[F]

WIS 15 A AL LTI P ~STROH LB I, 7oA b - ok
223 TS LD, ZOEFOWRREIZ., JEFH OB OB ME 5 BREE IR
HAFT D ENALNTHHMN, BWIHAIE 1L, FFEOS TOHIEICETHZ L
—EOFPAICIEREAL TEBY, WETICBITHRBHEMART =4 MLz 5,

I 281X, 2 OEFORBITIS Utk E 2 Fro, WO T,
B ORI FE ARSI & P~ & R E S BEIT 5, Z ORI DO 2K I
MORFFERBHILTT7 =L b - EaB TR 2720, £ OBIRMNIZILE &EH D OLE
WERTH D, WIERMETO 7 = & SRR R A =7 ki3 < OBFSEEID 5
L2bDD, FEEDWRE TORMEITONTOHRENE L, vV FF v VRIS
LD AT P O—FEER T OZ OGO WS XIT E A LR, AT FILDZEAL
X, BYOREOENEBBUIIIKMT D720, v LT F v AV MEORRE S &I
LIZANT PV OiEGIIHEFE AN TH D, Foxid, BB IELZ 7 = & MR
Sy R AT AR AN 53 65T 22 IO TEHR T S L7z L% o0 # - DB ] 73 i R A~
7 MVERRIE LTz,

[EZBRF5IE]

EBRIZIZ, 7 = & MR R nT BT RO Ok EE R HA A 2 (Fig1), IRl 40 iR
BENNELAR 7 —T7 e —T7 %2 Az, SGIRIZIE Tissapphire b—4—35 L OVF A IE
RO T % Tz, Ti:sapphire FAEHEIE#F O FEA P (B K 800 nm) % OPA IZ L - T
REML, 7kl b—W—EAREOMEKEE 500 nm)Z A S, 0%
EIARIE L A (B 250 nm)Z& AR O L LTV e, B RIS AR ORI A S 1L
72 7o T2 500 nm O3V A A ELY H L JE X 3 mm @ sapphire #IUICENTH 2 &
T, 600 - 1000 nm DHi[H T PEWRINIE = 2 HIE TRE/R 7' 1 — 7L 2157,



PRI E T, R

LT u—THELNLN S8 seemogmon | fceo: 1 Gl ZVAERCSSTC
Lpn L - NN ) =300 mm %256 pixels e
AREFDFRIMEICAS L, 30k pix. | Grating 150g/mm| |(30x3.8 mm?) <= = Optical shutter
7&’ éi@ L 77:’_ 70 = — 7% 7&’ ﬁj\ blaze 800 nm Regenerative amplifier
JEHTEA LT CCD Hthids o Spea | o ki
Long-wave #7717 delay stage o

T*ﬁ H:ll L7 pass filter : ?. Average power : ~3.0 W

—o " .

R JARN Tl:Sagphlre

?%: ? j/l/ 77‘: Hf'ﬂ‘: F.Eﬁ éj\ﬁzfz é/\ \‘7 oo nm ‘FE i VND Y oscillator
rUIZHDOWT N \H#F‘Hﬁjﬁm\@{j& Sample |J Parabolic Long-wave H / HRs
L':.E_’ L . Ju “‘7\%@%@};"’:% mT'gi:m pass filter ¢ . \x e OPA 800 nm
ﬁ(GVD) @%2%@*@IE & Zﬁ Y \ . A2 ;ilate 1= "- Pump:

272 B, e —75— MEIZ (I Y |250nm (4.96 ev)
%O%ﬁ ﬂ‘f?/ln7oﬁ[|’:g7olj{f7\ Polarizﬂe;l_l—{_l D < < ;155 _pJ}pulse
& ) HF 5w 50 SVinor safon 250 nm | 660”1000 nm

y irror i -
Jt & DA A AR BE BE X il =100 mm oo Fere (2.06 - 1.24 eV)

FECHEL., fiEdhfzEs ) _
L7-. FEMEEK I 3 {:/I%-[l\ﬂiks);:c(::z%zgr()f femtosecond time-resolved

& O JSERER 13559 200 fs & B '

BH o,

AEKZY = b VB, TR 5 2 & THlBEZREHTIC AR LTz, Z0
WREZ D 7l L, HiO D 2 A A AR K » COKPIC Sz E+ o, FEHE
TR AT NV ERIE LTz,

s 55 Wavelength / nm
i z = PAN 7o)
,\o?gf ,‘V%?SL@EEJ@%%i 1000 900 800 700 600

2 EOMKIE 032 nm Thy, = 12T
WEAY v PiELY HF L /S 0_-[0_5
VY, REfE-200 - 5000 fs D #iPFH T 40
fs MR O 21TV, KRR fiF A
T MV ERRE LTz,

JhACIE R, Z ORI
BT, H0 T Sz E
(ZH RS 2 58 < BRA 72 18 P WL Ay
2B L7, FhiEERZICIE, 2o
WM A7 D R R AR D WM 58 JE 703 K
& R Z R LTV,
340 fs LAREIZ BRE 70 WA R 3 B, - - -
ZAED T2, Heu T, WA 23 1.2 1.4 16 1.8 2.0
?ﬁ,ﬁﬁuc:%@] L Ebﬁ?% 980 fs = Fig. 2. Time-resolved abpst;?;ggnigeecrt?g (ffi\;drated
fo\;: T}%}%Eﬁ;?;ooogrps ii’;fji%i L;}Cﬁ electron generated by two-photon ionization of H;O.
WHR R OALE X 720 nm L & 72 0 2 LI & A ERBE) L7 < 72 572, 720 nm(=1.72
eV, FERITHEBM S N E T DR O OALE TS LS STV D, WIS
HTfE L2 72 o 72 300 fs ARRIT 31T 2 WU K DAL E DO ZE LA T L7z 2 A, 1D
DRI TIFIZ LI TE 7o, BEIORESIE 520+65fs &7 o7z,

Fx I HO & A A b L, VT F v RVEHIZ K 5T 600 25 1000 nm
DWIARY NV Z RO —fEHET 5 2 & T, EF2ER L TH 6 500 fs LI
DORFRIFEIRIC 35 1T 2 R 3 RN A~ 27 V28 L7, 2 OFRFEIFHIR COE T DO
AR OFEMEZ A ST 72D DORMR L R D KR T — X 25D LN TE T,
[2& 3]

[1] Robert R. Hentz, Geraldine A. Kenny-Wallace, J. Phys. Chem. 78, 514 (1974).
[2] e H2gr, SR A, EH B, F10ES RIS, 3P031(2016).
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Lipid bilayer membrane as peculiar field for chemical reactions -
characterization with time-resolved spectroscopies

oKaoichi Iwata
Department of Chemistry, Faculty of Science, Gakushuin University, Japan

[Abstract] The lipid bilayer membrane is a major constituent of biomembranes, where a
large number of biochemical reactions proceed. The lipid bilayer membranes, however, have
peculiar characters as a field of chemical reactions. Their thickness is several nanometers, or
the length of two lipid molecules, with the hydrophobic interior sandwiched by the polar head
groups and the water layer outside. We examine the characters of the lipid bilayer membranes
by using time-resolved spectroscopies. We solubilize trans-stilbene as a fluorescence probe in
liposome lipid bilayer membranes formed by a single phosphatidylcholine with a diameter of
100 nm. The rate of its photoisomerization reaction in the fluorescent excited state observed
with picosecond time-resolved fluorescence spectroscopy reveals that there are two domains
with the viscosity values different by several tens of times in the liposome lipid bilayer
membranes. The thermal diffusivity and polarity of the membranes are also evaluated with
time-resolved Raman spectroscopy and time-resolved near-infrared absorption spectroscopy.

[FF] AEE —ERE, B EERERELE TH S, 2 < OEERAE(LFISN,
NEE ZHBEOWNEH 5 WITZ O THEITT 5. UL, ZolEE ZEHEIMET G
O L L TCIRERGFETH L. IFE _EEOREIIZY UIEE ST 2 H3 YT 5
F ) A= MLz, BEONEITBKETH Y, BITKETHS. KOHIZ
HOHE 2 WITEENTER SN TWD Z L1225, WIETHRL, LKL DR &
LTOKREMFIERSEWVSTH IWRRICKE S B8 EEF->Tn5. IFE &
DS, & 2RI EOMEE L I3 E e, EFERE TR R RN L > TR S Ive
WERTH D Z & HIEBICET 5. Mlalk & = ok CHEITT 5 AL IGDS, KB
BHICENSIEE S T OEAIRE WA DIEE —ERO(LFRME D X 9 ITiHH
LTWLDNZHLNCT S
Z &, BBRGEOHFZERREE T
H5b.

MEEZ 7 ) X, A
DG Z B 5 720 D58 )
RETNLTHDH. FEZ 7 b
ETVTIE, Al RS

HIEE ZEENEE TlE7e <,
m%ﬁf“@7 7 MEEDMEEE 5 O
OIkT 7 MEEDFITIEEL T $100nm )
TWHZEZBELTND.

AREIEIZ 31 D 7 7 M#EEZ Fig. 1. Probe molecule solubilized in liposome lipid bilayer membrane.
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FEBRANTIRGEET 5 Z L 1X, BUROSFRFICL > TEETH DS OB LW R 5.

bR, BE EEZ 2 E LTV OO RS R LA HIE %
TV, ZTORERE S SIAEROGS E L CONRE " EIROS M 2 am L C& 2. K
T, ZhoDWROMELRE Lz,

[F] ANTEE —EREZ2x%4 L LEERTIE, 6 fHEORATZyFULal v
(DLPC, DMPC, DPPC, DSPC, DOPC, egg-PC) DU \F L7375 EAL 100 nm D H
JBURY —LZ2f{ LT, ZORE _HERFICONAEORR L 2D T —T 051 %
AL LTz, RROMIfaEEZ x5 & LU= EBRTIE, HeLa flaoMaftic 7w —>
SFEAEA U, BRI VRS EE [1,2], B R T ~ v ok
% [B], BEROT =& MR FERT RN 6E A X206 EEIT->C, i
O ORRE “HEIEIC BT HRESCEYEBUES, F X OB A SN L 7.

[FEHR - BER] FEMOMT VS ERED 7 —T7 1L LT, trans- AT L &

ZOFHERERHNZ., b7 a—T01tERANWS L, IFUWREFEMOREIEN S AT
AR ERNL DS BMAL SO OB EER AR T 5. HAHINWERIEEE NS, AF
NRCEN A OREZHEETHZ N TE S, trans- A F LR & N THRE —HEiK
2R U TR IR T VAR MV ERIET D &, AT 2 DO SEEE dh#R
DN R BB EER CIE B & 3, FHoOBEII T T E RS L E R Z LV
ST, ZORRIL, H—OFRA 77 Fonal) bR AYRY — LS EEFIC
REEE DA R 5 2 FEEOEINRBET 5 2 L2 BT 5 [1,2]. 72721, trans-A
F N JEE ERETIC A LT D EBR TR, P TORAT IR OIES T
0. IFE CEEO—EOWRS COMEZRET H72DIT, ATF 2 LN
AN—H—THEfE INT— O —T7 a2 HREcHRE (KR o7 nv—7Lk
HETHE L. ZoHERTWNH T o —T72FH LEZRIEIC L > T, AFA_UD
FOEDIRF O —EDORSIZB N T b “HIFEBIHIC Lo TRET 5 2 Ly o7t
T OFERE, IBE EROBEWN FRNCHE DO R —MEnH 5 2 L 2~ [EAE 100 nm
DY R Y —LEE EEOEWN T SRR 72 2 2 OIS FAET D 2 L3R
<R EnT.

FEEEO MM I 1T 5 REEE 2 59~ 72 01T, HEEHEEE: (LK) & 2L[F T HelLa
RO P I WA L L7z trans-4-B R 3 A F )L_ 0 OREREI R TR
MVERIE LTz, ZORIEN S, MRS & ks B N5 R B B 70 5 5 O eI 3
FETDHZENHALMNIZR o7, ZOREHIE, MREIZBITA8E T 7 NOFIEEF
JE L7,

v R R T ~ U  IEIC K o TIRE B OBYERES 2 735 &, Rk
FEDRED SN FAARDIEL D & RERBILBER Z 7T Z LR L NI o7z, 7=
DRI B IR AN 3 JEIE 22 B 13, IEE B PIC AT b L7 9,9-87 & kU LoD
HFHE sy TN EMBEN S DEIOEE ER CTHEITT D5 2 E NP LI~ 7. G
TIHINSDEBROFERICOWVTHHE LT, ZORMEICH &L DWW THRE “HEFEDO K
PEIZOWTERT 5.

(3] T COLREMTEE O 2 IR E#ET 5.
[ 3CHR]
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